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; MOS ty7e trans'^erga e trans^^^^^^^^^^^^^ ^/ ^ ^^^^^^^ P°»-t* 

leakage current wh^eThe subSatJ nofpntiL^ . accumulating data to lower the sub-threshold value 

■ CONSTITUTION P wel^ 12 Sf th^^^ '"""^'^^ of a reading/writing process. 

■ memory cells iJ^^ TranSe electrodes a^^^^^^^^^^ iLl^V""" ^' '".''i^"*" ^^''^ ^'^^ layers 1 3 into 
^' electrodes 15, n<-> layers 18 and n<.>lave^^^^^ °" ^^9'°"^ ^^Pa^itV 

; with an Si02 film 20 a^d openfngs 2Tar^maL fo oroSp^^ "^"^H P"'^^'' "^'^ ^"^^^^^^ 

wells 12. The P wells 12 connected to ATvSrnas 2-^^^^^^^^^^^ ^ 1^°' connection to pick up layers of P 

i the substrate potential. In case of reidingZSng process te P '^l^l^^n ZV! ^"P^"^^ "''^^ 

low substrate potential while in case of accumufat^na dat?; tZ p^^^ ^'f"*^" ""^ ^"PP"'^^ ^'t^^ ^ 
high substrate potential. Through these DroceduSs^t^fphlrn '"/he selected line are supplied with 

through the intermediary of a 'anS^g^^TsTj^^^^^^^^ 'eak 
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SPECIFICATION 
1. Title of the Invention 



Semiconductor Storage Device 
2. What Is Claimed Is 

(1) A semiconductor storage device having a MOS type 
transfer gate transistor, comprising substrate potential 
supply means for, upon information reading or writing, 
setting the substrate potential of the MOS transfer gate 
transistor to be shallow, and in information hold status, 
setting the substrate potential to be deep. 

(2) The semiconductor storage device according to claim 
1, wherein said substrate potential is supplied to a well 
region of inverse conductive type to the semiconductor 
substrate . 

(3) The semiconductor storage device according to claim 
1, wherein said substrate potential is selectively supplied 
only to a selected row or column. 

3. Detailed Description of the Invention 
[Purpose of the Invention] 
(Industrial Field of Utilization) 

This invention relates to a semiconductor storage 
device, and more particularly, to a substrate potential 
control. 

(Conventional Art) 

Generally, a substrate potential is applied to a 
semiconductor storage device having an MOS transfer gate 
transistor such as a dynamic RAM, thereby a bit line capacity 
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is reduced, and subthreshold leak current of the transfer 
gate transistor is reduced. However, as the respective 
devices become fine, the channel length of the transfer gate 
transistor becomes shorter (for example, L=0.5 |.im) . At the 
currently used -2V to -3V substrate potential, the 
subthreshold leak current tends to increase as shown in Fig. 
3 . Figs . 3 shows the characteristic of drain current Ir, with 
respect to gate voltage V.; of the MOS transfer gate transistor. 
In use of dynamic RAM, when the leak current increases, even 
if information is written, the information cannot be held. 
That is, electric charge accustomed m the capacitor moves 
out via the transfer gate transistor and the written 
information is lost. To prevent such information loss, the 
substrate potential may be deeper (for example, -5V) than 
the conventional potential, however, the setting of the 
substrate potential to be deep (low), it is necessary to 
apply a high voltage to the gate to turn the transfer gate 
transistor on, and the speed of writing and reading is 
reduced. Further, when the high voltage is applied to the 
gate of the transfer gate transistor, a high electric field 
IS applied to the transistor, and the gate oxide film may 
be easily broken or the device is degraded. 

(Problem That the Invention Is to Solve) 
As described above, m the conventional semiconductor 
storage device, as the devices become fine, the subthreshold 
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leak current increases, and when the current is reduced, the 
speed of writing and reading is lowered, and the device may 
be degraded. 

The present invention has been made m view of the above 
situation, and has its object to provide a semiconductor 
storage device in which the subthreshold leak current can 
be reduced without reduction of writing and reading speed 
and device degradation. 
[Construction of the Invention] 

(Means for Solving the Problem and Operation) 
That is, in the present invention, to attain the above 
object, the substrate potential of MOS transfer gate 
transistor is set to be deep in information holding status, 
and selectively set to be shallow only upon information 
writing and reading. 

In this arrangement, as the substrate potential of the 
MOS transfer gate transistor is deep when information is held, 
the subthreshold leak current can be reduced, and as the 
potential is shallow when information is written and read, 
the operation speed is not lowered. Further, it is not 
necessary to apply a high voltage to the gate to turn the 
transistor on, there is no possibility that the device is 
degraded and the gate oxide film is easily broken. 
(Working Example) 

Hereinbelow, a working example of the present 
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invention will be described with reference to the drawings. 
Figs. 1(a) to (c) show the construction of memory cell in 
the case where the present invention is applied to a dynamic 
PJ\M. (a) is a pattern flat view; (b), a cross-sectional view 
along a line X-X' in Fig. (a); and (c), a cross-sectional 
view along a line Y-Y' in Fig. (a) . In Fig. 1, numeral 11 
denotes a silicon substrate of e.g. n type. On the silicon 
substrate 11, p-type well regions 12-,, 12-, 12, are 
selectively formed in a row direction. in the p well regions 
12i, 12;, 12.3, device isolation regions 13^, 13- of silicon 
oxide film, extending in a column direction, and device 
isolation regions 13^, 13.. of silicon oxide film., extending 
in the row direction, are formed. Memory cell regions 14^ 
to 14c, are formed in the p well regions by these device 
isolation regions 13, to 13. . Note that bottoms of the device 
isolation regions 13, and 13: extending in the column 
direction are in upper positions away from the bottom 
surfaces of the p well regions 12 (boundary from the silicon 
substrate 11) by a predetermined distance, as shown in Fig. 

(b) . On the other hand, bottoms the device isolation regions 
13.i, 13,j extending the row direction are in contact with the 
bottom surfaces of the p well regions 12 as shown in Fig. 

(c) , and the respective well regions 12i, 12-,, 12;; are away 
from each other. That is, the memory cell regions 14^ to 
14.., 14 1 to 14,-:, 147 to 14.., are respectively isolated by the 
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devicG isolation regions 13,, 13,,. Capacitor electrodes 15, 
to 15, and electrodes 16, to 16, of e.g. polycrystalline 
silicon which serve as transfer gates, are provided on the 
memory cell regions 14, to 14.., and the device separation 
regions 13^, 13_^. That is, the electrodes 15, to 15, on the 
respective memory cell regions 14, to 14., function as 
capacitor electrodes, and the electrodes 16,. to 16, on 
regions between the n" diffusion layers 18, to 13 < and n' 
diffusion layers 19: to 19. function as the transfer gate 
electrodes and word lines. 

Further, an interlayer insulating film 20 of silicon 
oxide film is formed over the entire surface including the 
upper surfaces of the capacitor electrodes 15i to 15-, and 
the gate electrodes 16i to 16.. The interlayer insulating 
film 20 has contact holes 21, to 21., and aluminum wires (bit 
lines) 17, to 17;, are formed on the interlayer insulating 
film 20, and connected via the contact holes 21, to 21., to 
a high concentration p' impurity region 12a provided in 
surface regions of the p well regions 12;., 12j, 12-,. Further, 
contact holes 22i to 22, for application of substrate 
potential are formed in the p well regions 12-, to 12., and 
connected via aluminum wires 23; to 23;, to a substrate 
potential generation circuit (substrate potential supply 
means) (not shown) . Upon information reading or writing, 
the substrate potential generation circuit supplies a 
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potential at e.g. -2 V to -3 V to the p well region where 
a selected transfer gate transistor is formed, and supplies 
e.g. -5 V to the p well region where the transfer gate 
transistor of unselected memory cell is formed. On the other 
hand, in information holding status, the circuit supplies 
e.g. -5 V to all the p well regions 12i to 12.-,. 

Next, the operation in the above construction will be 
described. First, in writing and reading, the substrate 
potential of selected row is set to be shallow by the output 
from the substrate potential generation circuit. For 
example, the substrate potential at e.g. -2 V is applied to 
the p well region 12i via the aluminum wire 23, . At this time, 
the characteristic of the subthreshold leak current of the 
transfer gate transistor is as shown in Fig. 3. Even when 
the gate voltage Vr, is OV, the current flows, and the transfer 
gate transistor becomes on status. Accordingly, it is not 
necessary to apply a high voltage to the gate electrode, thus 
breakage of gate oxide film due to device degradation can 
be prevented. Note that at this time, the lead current flows, 
however, upon writing, even if some leak current exists, 
refresh (rewrite) is performed, therefore, there is no 
problem . 

Next, in a case where information is held in the 
capacitor (non-selection), the substrate potential at e.g. 
-5 V is applied to the p well region of the selected row. 
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By this arrangement, the characteristic of the subthreshold 
leak current of the transfer gate transistor is as shown in 
Fig. 2. When the gate voltage V,; is OV, the current is 
suppressed to about 1x10"'- [A] . Accordingly, the leakage of 
the electric charge accumulated m the capacitor via the 
transfer gate transistor and loss of written information can 
be prevented. 

In accordance with the construction, as described 
above, as the substrate potential of MOS transfer gate 
transistor is deep when information is held, the 
subthreshold leak current can be reduced. Further, UDon 
information writing and reading, as the potential is shallow, 
the access speed is not lowered. As it is not necessary to 
apply a high voltage to the gate to turn the transistor on, 
the breakage of gate oxide film and device degradation can 
be prevented. 

[Effect of the Invention] 
As described above, according to the present invention, 
a semiconductor storage device which enables reduction of 
subthreshold leak current without reduction of the speed of 
writing and reading and device degradation can be obtained'. 
4. Brief Description of the Drawings 

Fig. 1 is a diagram explaining the one semiconductor 
storage device according to the working example of the 
present invention; Fig. 2, a diagram showing the 
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characteristic of subthreshold leak current in the device 
in Fig. 1; and Fig. 3, a diagram showing the characteristic 
of subthreshold leak current in the conventional 
semiconductor storage device. 

11 ... silicon substrate, 12i to 12^ ... well region, 13, 
to 13,4 •■• device separation region, 14,. to 14.:., ... memory cell 
region. 

Agent: Suzue Takehiko, Patent Attorney 



